S leep-related breathing disorders, also referred to as sleep-disordered breathing )SDB(, are common conditions that encompass several disorders characterized by an abnormality in the frequency, pattern, upper airway resistance, and/or depth of breathing during sleep. Each disorder has its own diagnostic criteria. The most common SDB disorder is obstructive sleep apnea )OSA(. 1 The spectrum of SDB syndromes also includes obesity hypoventilation syndrome )OHS(. 2 Obesity hypoventilation syndrome was first described in 1955 as "Pickwickian syndrome." 3 Because most patients with OHS have frequent episodes of obstructive respiratory events during sleep and significant desaturation, OHS was incorrectly considered by some to be a severe form of OSA. 2 The International Classification of Sleep Disorders, third edition )ICSD-3(, defines OHS as the combined presence of obesity )BMI>30 kg/m²( with awake arterial hypercapnia )partial pressure of carbon dioxide )PaCO 2 (>45 mmHg( and SDB in the absence of other causes of alveolar hypoventilation. 4 The OHS is under recognized, with only approximately 30% of hospitalized patients receiving a correct diagnosis when admitted with acute-on-chronic hypercapnia respiratory failure. 5, 6 Because OHS patients have more progressive disease courses, higher health-care utilization, poorer prognoses, and higher risks of hospitalization and death compared with pure OSA patients, 7, 8 it is essential to study the clinical characteristics of this group of patients to aid general physicians in understanding and recognizing the disorder. Therefore, this study was conducted to assess the prevalence, clinical characteristics, and predictors of OHS in a large sample of Saudi OSA patients presenting to the Sleep Disorders Clinic with clinical suspicion of SDB.
Methods. Subjects. This observational study was conducted in the University Sleep Disorders Center )USDC( at King Saud University Hospital, a tertiarycare university center in the Kingdom of Saudi Arabia. The USDC is a tertiary referral center that receives patients from various regions of the Kingdom. The local ethics committee approved the study, and informed consent was obtained from all participants. We included consecutive patients )≥18 years old( who were referred to the Sleep Disorders Clinic )SDC( with symptoms suggestive of OSA, underwent polysomnography )PSG( between January 2002 and December 2012, and chose to participate in the study. A detailed history and physical examination were performed by a sleep medicine specialist during the initial assessment, and spirometry was performed according to the American Thoracic Society/European Respiratory Society task force guidelines using a Master Screen )Jaeger, Würzburg, Germany(. 9 Arterial blood gases )ABGs( were drawn after 15 minutes of rest while the subjects were awake, seated and breathing room air, and they were analyzed using a GEM® Premier™ 4000 analyzer )Instrumentation Laboratory, Lexington, MA, USA(. Spirometry and ABGs are part of the work-up of patients with diagnosed SDB in the USDC. Comorbidities data were obtained by history from the patient and from the medical chart of the patient. Daytime sleepiness was evaluated using the Epworth Sleepiness Scale )ESS(, 10 a validated, specialized sleep questionnaire containing 8 items that assess the likelihood of dozing in a variety of daily living situations. We excluded patients with congestive heart failure, chronic lung and neurological diseases, and thoracic vertebrae abnormalities, as well as those taking hypnotic medications. During the study period, 1973 patients were referred to the sleep disorders center with clinical suspicion of OSA. Among those, 1693 patients were diagnosed to have SDB, agreed to participate, and completed the required investigations.
Sleep study. Standard in-lab type I PSG was performed to monitor brain activity )electroencephalogram with electrodes placed at C3A2, C4A1, O1A2, and O2A1(, muscle tone )electromyogram of both the legs and chin(, eye movements )electrooculogram(, electrocardiogram, oxygen saturation )finger pulse oximeter(, chest and abdominal wall movements )thoracic and abdominal belts(, airflow )thermistor and nasal prong pressure transducer(, sleep position )bodyposition sensor(, and snoring )microphone(. The PSG recording was performed using Alice® 5 and Alice® 6 diagnostic equipment )Respironics Inc., Murrysville, PA, USA(. Manual scoring of the electronic raw data was performed manually by expert certified sleep technologists in accordance with established criteria.
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Apnea was defined as a drop in the peak thermal sensor excursion greater than or equal to 90% of baseline for at least 10 seconds. The event was scored as obstructive apnea in the presence of continued respiratory effort and central apnea if associated with absent inspiratory effort throughout the entire period of absent airflow. Hypopnea was defined as a reduction in airflow of ≥30% of baseline that lasted for at least 10 seconds and resulted in either a ≥3% decrease in oxygen saturation from the pre-event baseline or an arousal. The apnea-hypopnea index )AHI( score was defined as the number of apneas and hypopneas per hour of sleep and was calculated for the entire sleep duration. The OSA was defined according to the International Classification of Sleep Disorders )ICSD 2014(: 1( AHI ≥5 obstructive events/hour associated with one of the following: excessive daytime sleepiness or unrefreshing sleep, gasping, or choking during sleep, observed apnea or loud snoring or the patient has been diagnosed with hypertension, coronary artery disease, atrial fibrillation, or type 2 diabetes mellitus; or 2( AHI ≥15 obstructive events/hr. 4 The desaturation index was defined as the number of desaturation events )≥3% decrease in oxygen saturation from the pre-event baseline( per hour of sleep. Sleep efficiency was calculated as the total sleep time/time in bed x 100.
The OHS was diagnosed if the following criteria were met: the presence of hypercapnia during wakefulness )PaCO 2 >45 mm Hg(, as measured by arterial PCO 2 ; the presence of obesity )BMI >30 kg/ m 2 (; and hypoventilation not primarily due to a lung parenchymal or airway disease, pulmonary vascular pathology, a chest wall disorder )other than mass loading from obesity(, medication uses, a neurological disorder, muscle weakness, or a known congenital or idiopathic central alveolar hypoventilation syndrome. 4 Sleep hypoventilation was defined by an increase in end-tidal PCO 2 to a value >55 mm Hg for ≥10 minutes or by an increase in end-tidal PCO 2 of ≥10 mm Hg during sleep )compared with an awake supine value( to a value exceeding 50 mm Hg for ≥10 minutes. 11 The OHS patients were divided into 2 groups: OHS with OSA if OHS criteria were met and the AHI score was ≥5 events/hour and pure OHS if the OHS criteria were met and the AHI score was <5 events/hour.
Statistical analysis.
The data are expressed as the mean and standard deviation )SD( in both the text and tables. Student's t-tests were used to compare the means for continuous data. For categorical data, the Chi square test was used. The results were considered statistically significant if p<0.05. To explore predictors of OHS, a univariate logistic regression model was used in a preliminary analysis; one explanatory variable was tested in the model at a time. Subsequently, variables with significant p-values were further evaluated using a multivariate logistic regression model. 12 The multicollinearity was assessed by the correlation matrix among variables included in the model. The variables with high correlation were removed from the model. After fixing the multicollinearity, it was also re-assed by evaluating the standard error in the model. The overall accuracy of this model to predict OHS subjects )with a predicted probability of ≥0.5( is 93.3%. The sensitivity is given by 66% and the specificity is 96.7%. The area under the curve )ROC( is 0.962. The Nagelkerke R Square shows that approximately 63.8% of the variation in the outcome variable )OHS( is explained by this logistic model. Hosmer-Lemeshow goodness of fit test assured the model fit )p=0.218(.
Results.
During the study period, 1973 patients were referred to the sleep disorders center with clinical suspicion of OSA. Among those, 1693 patients )1076 men and 617 women( were diagnosed to have SDB )OSA and OHS(. Figure 1 shows the study population flow diagram. Table 1 presents the baseline characteristics and PSG findings of the overall study group, as well as of the OHS and pure OSA patients. The participants had a mean age of 47.7±14.0 years, a BMI of 36.3±9.6 )58%( were recruited from the Sleep Disorders Clinic for an elective sleep study, and 61 )42%( were initially admitted with hypercapnic respiratory failure. In the latter patient group, the sleep study was performed once the patient was stable and prior to their discharge from the hospital.
Comparisons of the anthropometric, spirometric, and sleep characteristics of both the pure OSA and OHS groups are displayed in Table 1 . The OHS patients were older and had higher BMIs, greater neck circumferences, and higher ESS and AHI scores. The Table 2 compares the prevalence of comorbidities in the OHS and OSA patients. Although all included comorbidities were prevalent in both groups )pure OSA and OHS(, comorbidities were significantly more prevalent among the OHS patients. The most prevalent comorbidities were hypertension 70.8%, diabetes mellitus 51.0%, and bronchial asthma 33.3%. The OHS patients were then divided into 2 groups (Table 3) Discussion. This study is one of the largest studies to describe the clinical characteristics of OHS patients and to determine the prevalence of OHS among OSA patients (Table 4 ). This investigation revealed that the prevalence of OHS among patients referred to the Sleep Disorders Clinic with OSA was 8.5%. Previous studies reported a prevalence of OHS among patients with OSA that ranged from 9-20% (Table 4) . [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] In a large French retrospective study )n=1141(, the prevalence of OHS was 11% among OSA patients. 18 Studies that reported a high prevalence of OHS recruited patients with high BMIs )≥40 kg/m 2 (. Mokhlesi et al 22 reported a prevalence of 20% in a sample of obese OSA patients with a mean BMI of 43 kg/m 2 . In a subgroup analysis of subjects with a BMI >40 kg/m 2 in the French study, the prevalence of OHS was 24%. 18 In our study, the mean BMI in the studied group was 36.3 kg/m 2 . We found that the prevalence of OHS among OSA patients with a BMI ≥40 kg/m 2 was 21%, which is similar to that in previous studies in populations with a BMI >40 kg/m 2 . In our study, among patients diagnosed with OHS, the proportion of women was higher )66.7%(. Based on previously published studies, the proportion of diagnosed patients with OHS tends to be higher among men )60%(; 13 however, male predominance is not as clear as in OSA patients. In fact, some studies demonstrated a higher proportion of OHS among women. 15, [23] [24] [25] Most of the previous studies did not assess the gender difference in the prevalence of OHS among patients diagnosed with SDB. In fact, the majority of the previous studies reported the gender proportion among OHS patients, which was misinterpreted by some as prevalence. Among patients with OSA, Akashiba et al 14 reported higher prevalence of OHS among women )11.6%, [5/43]( compared with men )8.8% [50/568]( in Japan. In a recent study from the United Arab Emirates, 15 although the proportion of men with OHS was higher )77.4%(; however, the prevalence of OHS among women diagnosed with OSA was higher )31.8% [7/22] versus 12.9% [11/85] (. The OHS was more prevalent among women and the women with OHS were older than the men with OHS. 15 In our study, the prevalence of OHS among patients diagnosed with SDB was higher among women )15.6% [96/617] versus 4.5% [48/1076](. Therefore, it seems that women are at a higher risk for OHS. The cause for this is unknown. However, this finding can be related to postmenopausal status, as most of the OHS women in our study )88.5%( were postmenopausal. The risk of SDB has been reported to be at least 2.5 times higher among postmenopausal than premenopausal women. 26, 27 It is well documented as well that obesity in general is more common among women. 28 In Saudi Arabia, obesity is more prevalent among women with a prevalence in women of 44% and in men of 26.4%. 29 As OHS is a disease of the morbidly obese, this is a possible explanation for the higher prevalence of OHS among women. Another possible explanation is leptin resistance. Recent data suggests that leptin may act as a powerful respiratory stimulant. A mouse model of obesity and leptin deficiency exhibited abnormal patterns of breathing with elevated levels of CO 2 and reduced ventilatory response to CO 2 during wakefulness and sleep in a manner similar to that seen in humans with OHS. 30 In obese subjects, serum leptin levels are significantly higher compared with lean subjects, which suggest that a central resistance to leptin may occur in obesity. 29 Moreover, obese hypercapnic patients had higher fasting serum leptin levels than eucapnic patients and that serum leptin levels were shown to be better predictors of hypercapnia than body fat percentage. 31, 32 Gender differences in leptin concentration in obese subject have been reported. Serum leptin levels have been reported to be up to 4 times higher in obese women than men. 33 It is possible that obese women may develop more resistance to the central effects of leptin compared with men and hence have a higher prevalence of OHS.
An additional analysis revealed that 6.25% of our patients had hypoventilation without obstructive events )pure OHS(. Previous studies have shown that the majority of patients with OHS have concomitant OSA )90%(. The remaining 10% of patients have non-obstructive sleep hypoventilation )characterized by an AHI <5(, which is defined as either an increase in PaCO 2 of >10 mmHg above that of wakefulness or significant oxygen desaturation, neither of which is the result of apneas or hypopneas. 2, 23 Previous studies that attempted to determine risk factors or predictors of hypercapnia )OHS( in cohorts of patients with OSA reported mixed results. 23 In the current study, OHS patients had higher AHI scores than those for pure OSA patients )68.2 versus 46.5 events/hour(. Even when we compared OHS patients with OSA patients with a BMI >30 kg/m 2 , AHI scores were higher among the OHS patients )68.2 versus 51.3 events/hour(. However, AHI was not identified as a predictor of OHS. In a previous study, Mokhlesi et al 22 defined an AHI of 100/h as a highly specific threshold for the detection of patients with OHS. Nevertheless, the severity of AHI is not universally accepted as a good predictor of OHS. The use of AHI severity as a predictor of OHS may lead to significant under recognition of this serious medical problem. 34 Serum bicarbonate was identified as an independent predictor of OHS in our study. Because serum bicarbonate is a continuous variable, a one-unit increase in serum bicarbonate causes a 14% increase in the probability of having OHS. In their prospective sample of patients with OSA, Mokhlesi et al 22 reported that a serum bicarbonate threshold of 27 mmol/L had a sensitivity of 92% and specificity of 50% in predicting OHS. Duration of nSaO 2 <90% was identified as an independent predictor of OHS in our study. Our findings concur with those of previous studies that showed that severe prolonged oxygen desaturation during sleep is a predictor of hypercapnia in OSA patients. 18, 35 An important finding of this study is the high prevalence of comorbidities in OHS patients. We know from previously published data that SDB is associated with increased cardiovascular comorbidities and diabetes mellitus. 36 However, OHS patients have a much higher prevalence of serious comorbidities compared with OSA patients. Arterial hypertension was the most prevalent comorbidity, affecting more than two-thirds of OHS patients, followed by diabetes mellitus and bronchial asthma. Our data is consistent with those of previous studies that assessed comorbidities in OHS patients. 20, 37, 38 However, our study had a larger sample size. obesity hypoventilation syndrome is a systemic process that involves multiple organ systems. Therefore, it is imperative to approach the obese patient with a multidisciplinary view to optimize therapy for each affected system.
In the present study, 42% of the OHS patients were admitted with acute hypercapnic respiratory failure. Obesity hypoventilation syndrome is generally overlooked as a cause of acute hypercapnic respiratory failure in morbidly obese patients. 8 These patients may frequently be misdiagnosed as having chronic obstructive pulmonary disease )COPD( or chronic heart disease, resulting in delays in receiving the appropriate treatment. 6 As a result, many patients may be treated inappropriately and may not have undergone an assessment of their hypoventilation and SDB. 6, 39 Previous studies have shown that only one-third of OHS patients receive the correct diagnosis when admitted with acute hypercapnic respiratory failure. 6, 40 The OHS is a serious disorder if left untreated, associated with increased morbidity and mortality. 41 Therefore, early recognition is essential to prevent complications. Additionally, several previous studies have reported improved survival and a reduction in the need for hospitalization in treated compared with untreated OHS patients. 41 The current study has several limitations that need to be addressed. The studied sample comprised patients referred to the Sleep Disorders Center with a clinical suspicion of OSA; therefore, they do not represent the general population. Future studies should aim to determine the prevalence of OHS in the general population. Another limitation is the small number of patients with pure OHS. However, pure OHS represents approximately 10% of OHS patients in previously published studies. Therefore, it is difficult to recruit a large number of patients.
In summary, this study showed that OHS is common among Saudi patients referred to the Sleep Disorders Center with OSA. Our study showed that OHS among Saudis is more prevalent among women. The prevalence of serious comorbidities is very high among patients with OHS. Serum bicarbonate and duration of nSaO 2 <90% are independent predictors of OHS among patients with OSA. As a result of the obesity epidemic, the prevalence of OHS is likely to increase. Therefore, a high index of suspicion is necessary to facilitate early diagnosis and treatment of OHS.
